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B0.9h/10a 1.2h/10a  

 

 

 

 

 

 

 

(%)
1.8 1.2 0.20 2.8
1.8 1.2 0.20 1.7
1.6 1.3 0.18 0.6

3-1-4  

3-1-5  

(m/s)
0.14 5.2 696 66.4 8.2 3.3 9.7 87.6 1.5 1.3
0.20 4.0 619 45.6 5.7 3.3 0.3 54.9 1.0 0.9
0.18 5.7 604 55.6 15.6 2.8 2.0 76.0 1.3 1.2

1) .
   2) 2.5m . 
   3)10a 20m*50m  

4) . 
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6.  

 (4)

3-1-8  

10a 16.1 3.6

1.0 13.4

83.2%

12 12
(3) JA

1ha

 

 

 

 

 

 

 

 

 

 

 

 

(1)  2004

6 258 261 

(2) 2002 275 302 

(3)  1995

29 

(4) 1999

61 

(5)  1995

33 39 

(6) 1993 1993(9) 53 55 

0

6

12

18
16.1(100)

13.4(83.2)

 3.7 1.0
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1.  

 

U

2.5m

 

U

 

 

2.  

ha 50a

 

( ) U 11mm

2.1m 2.4m  

( ) 100kg 1.8m 1.5m 0.25m

800N  

( )

 

( )  

( )  

 

3.  

3.1  

 3-2-1 3-2-2 3-2-1  

99.0kg 1,240mm 1,320 1,500mm 1,850mm

1.8m U

U 11mm

2.1 2.4m 1.4 1.6m 2.1 2.2m  
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3-2-2

60 14.4kg 50m   

1

L

500mm

1,150 1,300mm 50mm

800N  

1 2

3-2-3
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99.0kg
1,240mm

1,850mm

650mm
1,780mm
510mm

800N
500mm
4s

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-2-2  

2.2m  

3-2-1

1)  
   2) 2.1 2.2m  
   3) 28AH  
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2.5

0.35m 0.88m

0.80 0.90m  

1 DC

28AH 1,000  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2  

  1 4 1.8m 50m

2 11mm 2.3m 1.6m U

1.25m 0.88m

2.5 0.18m 1 30 2  

3-2-3  

a

.

Q O P

R

. 

b

. 

c

. 
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60 SR-2

 

 2 1

10a

30

2  

 POLAR S610i

5 20

1.2 OWAS
(1)   

 

3.3  

3.3.1  

3-2-2 3-2-4

 

1.25m 0.88m

0.20m 0.78MPa

0.20m

6 mm

0.19m   

1 3-2-4
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2  

2

1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.2  

 3-2-3 10a  

2 1 14.4 /

3.0h/10a 1 16.5 / 3.4h/10a

1-12 12.0 / 2.3h/10a  

1.8 1.26 0.17 0.19
0.01 0.02 0.01 0.02

0-5 -10 -15 -20
0.17 0.22 0.46 0.78

  

3-2-4  

A 62 65 .
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A+B A C+D A+B
   300    300  0  0
   275    558  0    275

 ,5179 10,874 8,184 6,60 0
   530    530  0    530

  ,62210 12,262 8,184 7,405
3.0 3.4 2.3 2.1

6.0 3.4 4.6 4.2

14.4 16.5 12.0 9.0

6.5 7.6

4.5 4.5

3.4 4.4

9.0 / 2.1h/10a

10a 1

71.4 % 83.3%

6.5 7.6 / 4.5 /

3.4 4.4 / 2  

 2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.3  

 3-2-4

 

1) A 62 B 65 C 52 D 32  
  2)  

3-2-3 10a  



   

- 70 - 

125 20 63 79
1.3 1.2 1.2 7.9
130 21 62 87
3.9 1.4 1.7 5.3

AC1 AC2 AC3 AC4

28.6 67.9 3.6 0 3.6
0 100 0 0 0.0

8.5 57.4 12.8 21.3 34.1
29.8 21.3 2.1 46.8 48.9

 

 

 

 

 

 

 

3.3.4  

 3-2-5  

AC3 4 3.6%

AC2 100% 0%

34.0%

48.9% 2

 

 

 

 

 

 

 

 

 

 

 3-2-6 31.8 38.5%

19.5 21.3%  

30 .

3-2-4  

3-2-5 OWAS

1)2 . 1.2sec 5 A 62 
B 53 C 65  
A  

2)AC3 AC4 AC3 AC4  
    . 
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19.5 31.8
B 20.3 34.3

21.3 38.5

 

 

 

 

 

 

 

 

 

 

4.  

 

1

2

1

1 8.9

2.7h/10a (2) U

 

 (3)

10a 16.1

 

 

3-2-6

A 61 B 65
C 34

(1983)  
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(1) 2000 Ovako http://homepage2.nifty.com/aseo 

/ owas.html.22  

(2) 2009

13 14 

(3) 1998

61 
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1.  

(1)

4.8h/10a

3

2 3

 

 

(2)

 

  

2.  

JA 2 3ha

 

( ) 1.8m 1.4m 0.10 0.25m 5cm

 

( ) 1.8m  
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( )  

( )

 

( )

 

 

3.  

3.1  

4-1-1

4-1-1  

I WAY183-02

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

950
1,950
1,300
1,800
260

490

42

1,480
1,540

  (mm)

   (mm)
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260kg Ma

APU1810H 405kg

22kW

 

3.2  

3.2.1  

4-1-2  

M 21kW

3.7kW

1.8m 18 20cm

2

Y 7.4kW  
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F

 

18kW

1.5m ARG15

1

2  

 

 

 

 

 

 

 

 

 

 

 

30cm 30cm

20m  

3cm 0 5cm

cm  

3.2.2  

 1

4-1-3

 

25cm 72cm 0 5 cm

5 10cm 10 15cm

1cm   

0.23

0.11

0.14

(m/s)

4-1-2 1  

 
 



   

- 77 - 

 

 

 

 

 

 

 

 

 

 

 

3.2.3  

2

HSW-4

1 2

1.3cm 2.2cm 3.5cm 3

200

25 N 150 30

4 40  

3.2.4  

  

500g/m2

2

0 10cm 10 20cm  

(m/s)

0.23

0.11

0.16
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4-1-4  

 

 

 

 

 

 

 

 

 

3.2.5  

2005 2008

4

4-1-5  

 2   005  2  0  1

 1   10   26   11   28   33

 1  5   66  1  7  3

  24 36 10cm  

2008 2 1 2

3 1.3cm 2.2cm 3.5cm

DIK-3150-02A 10cm

2 3

2.2cm 2

T&D TR-71U

 

2005 2008 4

 

PTO1.

0.19

0.25

(m/s)
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3.2.6  

5

4-1-6

4-1-2  

30cm 70cm

32cm 2 3 3 10 10 20 20 30mm

15cm

2 3mm 5cm 5cm

10 20mm 20 30mm

7 20 26 15cm

11 17      

 

 

 

 

 

 

 

 

 

 

 

 

2005 10/3 10/21 10/26 12/6 2/23
2008 10/6 10/28 10/29 12/7 2/6

15-20

5 5 5  0  5
 5  5  5  0  5
 5  5  5  0  5
 5  5  5  0  5
 5   15  5  0  5
 5   15  5  0 5

4-1-6 6  
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5cm 5cm 2cm 3

NPK 9-5-6 27g/ NPK 10-6-7 10g/

0.01mm

220 10 21 27 3

0 23 77

DIK-3150-02A

10cm 1 4 2 17 47 91

0cm 2 17 3 7 92 110

5cm 3 7 110  

3.3  

3.3.1  

1 5 1.8m

1.4m 0.10 0.25m 5cm

1.8m

13cm 21kW

1 3 PTO PTO 540rpm

160rpm 0.16m/s

21 kW 4 5  

4-1-2  
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27 kW

0.3m/s  

 

 

3.3.2  

4-1-7  

1 5.2g/

2.8g/ 100%

54% 13.8 g/ 265%

26 / 4 / 15%

34 / 131% 2

 

 

3.3.3  

4-1-8

33.5% d.b.  

0 5cm
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5 10cm 10 15cm

37% 17% 0 5cm 60%

0 5cm 57 63%   

0 5cm 5 10cm 46% 48%  

(%)

1 64 5.2 100 26 100

2 76 6.6    127   44    169

 1   56   .813 265 34 131

2 72 5.8 112 18 69

1 75 2.8 54 4 15

2 85 4.6 88 8 31

cm
  60   57   60   63   60
  29   30   34   55   37
  13   16   19   21   17
  57   45   47   36   46
  54   57   43   39   48
  37   26   25   16   26
  51   52   51   56   53
  37   44   37   43   40
  35   35   38   56   41
  75   73   77   79   76
  51   59   63   65   60
  51   57 53 52 53

4-1-7 1  

1) 1cm
2) 32.5% 50% 2  

63%. 
3) 1  

100 . 

4-1-8 2  

1) 1cm 33.5% 
2) 13cm 3.1cm. 
3) I 22.1kW . 
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10 15cm 26%

1.8m 16

4

 

0 5cm 

5 10cm 10 15cm

0 5cm 76%

10 15cm  

3.3.4  

4-1-9  

3.5cm

1.3cm 2.2cm 0%

35% 2 15%

0% 2 15%

59 78%

34 53% 1
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3.3.5  

4-1-10  

18.1 19.9% d.b.

0 10cm 10 20cm

0 10cm 10 20cm

0 5cm

 (1)

 

 

  

(%) (%) (mm) (mm)
1 36 35 4 7.0
2 34 15 11 8.4
1 45 0 2 4.4
2 53 15 7 9.1
1 64 5 12 5.5
2 68 15 9 11.3
1 59 0 -1 3.6
2 73 0 0 0.9
1 74 0 1 1.6
2 78 0 3 4.2

4-1-9 3  
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3.3.6  

1)  

4-1-3 pF  

pF 1.7

pF 2 1

2

 
 (3)

 (4)

 

(cm) (%) (cm)
31.9 9 16 14 8 47
34.5 11 18 12 1 2   53

  20   34   26   20   010
44. 6   11   18   14   10   52
  .047 1 1   18   12  7   48

  22   36  62 17 100
64.4 15 22 16 11 63
52.8  6   12   11  8   37

  21   34  72 19 100
67.1 11 19 18 13 61
62.6 8 1 5  9  7   39

  19   34   27   20 100-

-

-

-

4-1-10 4  

1) 500g/  

 

  2) M 27kW I 18kW  

  3) 0.25m/s PTO1 (d.b.)18.1 19.9%  

  4) 1 0.19m/s PTO1  

  5) 13cm 18 20cm  

  6) L R  
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4-1-4

1  

16 17 0.5

 

3  

 

1

1.2

1.4

1.6

1.8

2

2.2

2.4

1

1.2

1.4

1.6

1.8

2

2.2

2.4 0

5

1 0

  15

  20

  25

  30

  35

  40

  45

  50

4-1-3 pF 2008  
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2)  

4-1-11 12  

2005 121% 2008 153%

 

4-1-9

 
(5,6)  

  12

  13

  14

  15

  16

  17

  18

 0  2  4  6  8   10   12   14   16   18 20 22

4-1-4 2008  
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2005

0 5cm

2008 1 2

 

 

 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  60   37   17    759    405    100    700    379   96

  46   48   26    717    379   96    710    393   97

  53   40   41    824    473    117    643    352   87

  76   60  35 835 479 118 661 370 91

5cm 10cm 15cm

4-1-11 (2005) 
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3.3.7  

4-1-13  

5cm

77 2 3mm 14%

10 12 10 20mm

20 30mm 20 7 5cm 15cm

 

pF pF1.0 1.2

47 0cm 37 pF

1.0 2.6 2.8

15cm 20 30mm pF 1.1

2.4 5cm 1.0 2.6  

3 10mm 10 20mm 2 3mm 20

30 mm 7 15cm 5cm

  

 

3 6   38    712    441    107
  45   42    751    443    107
  64   56    799 498 12 1
  59   59     1025    634    153
  74   73    896    564    136
  34   32    761    457    111
  53   65    722    413    100
  68   64    857    528    128
  73   64    930    568    138
  78   76    791    459    111

 )1 1cm 29.2% 
  2) . 
  3) 2009 2 6 2  

100 . 

4-1-12 (2008) 
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13 14 1.0 2.8 544
10 12 1.0 2.8 599
9 11 1.0 2.7 589
10 12 1.0 2.6 511
9 12 1.1 2.7 507
7 10 1.1 2.4 503

(mm)

3 10mm 10 20mm

5

  

5

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.  

 

27kW 

2008  

4-1-13  

1) 20cm ( ) . 
   2) ( ) 7 5cm 15cm 5cm. 
  3) 49 791 0cm . 
    4) 110 . 
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30kW

0.2 0.3m/s PTO

560rpm 160rpm 7 11cm

 
(7)

245mm 47mm/ 1,700mm

100mm

30kW 22kW

30kW  

 

 

(1) 2002

17 18 

(2)   1983

45(3) 375 378 

(3)  1972

26 14 32 

(4)  1979

31 10 15 

(5)  1994

1993

22(1) 14 

(6)   1995

22(3) 131 140 

(7)  2004

66(5) 14 16 
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1.  

 

 

  

2.  

2.1  

4-2-1

 

WAY183-02 1.8m

V-P10 50l 3

AT46 34kW

2

2 1 2 A

10cm 10cm

1 B 1.2m

 

I SK60 4.4 kW

 

4-2-2  

B F 75B 7.4 kW

I 18.4kW

A K 4CMF60 2.0kW

I SK60 4.4 kW  
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2.2  

107m 21.5m 23a

4m 35  

4-2-1  

4-2-2  
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56 2

 

4.4kW

2 A

140kg/10a B 40kg/10a 0.01mm 135cm

200m

 

50m 10m 5a 1

32 47 3

 

10m 5

 

2.3  

4-2-1  

0.3m/s

0.8m/s 1.1h/10a 2.2 /10a

41.2%

16.1% 14.5%  

4-2-2  

3.3 /10a

5.4 /10a 2.1 /10a 39%

2 0.7 /10a

1.4 /10a  
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min
m/s 0.3 28.1 41.2
m/s 0.8 9.6 14.1

1.0 2.1 3.1
0.9 9.9 14.5
1.0 11.0 16.1
0.5 1.5 2.2
2.0 6.0 8.8

68.2 100.0
1.1 h/10a
2.2

-

1.5m
1 0.7

1 0.4

1.5m
1 2.1

1 0.5

2 2.4

1 0.4

3.3

5.4

2 2.2

4-2-1  
       

1) 4m .
  2) 1 . 
  3) 2 A140kg/10a B40kg/10a. 
  4) 50m 20m  
  5)180  

4-2-2  

1)  
2  

2) A B  



   

- 96 - 

 

107m

 

 

3.  

3.1  

M GX37 27kW

I SK60 4.4kW  

3.2  

4-2-3 B

Z  C 3 4-2-3

Z

Z

Z  

I

SK60 4.4 kW 63 66

1  

10a  

4-2-4  
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2

1

1

1

2

1

2

2

1

2

2

4-2-3  

4-2-3  
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3.3  

4-2-4 4-2-5  

Z 3.4 /10a 3.9 /10a

13% 2.4 /10a 38%  
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41% Z 35% 21%

Z

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.0

1.0

2.0

3.0

4.0

5.0

3.9

3.4

2.5

0.3 2 7 0.3 2 8 0.3 2 11
0.7 1 18 0.7 1 21 0.8 1 33
0.4 1 10 0.4 1 11 0.2 1 7
0.1 1 3 0.0 1 0 0.0 0 0
0.2 2 5 0.2 2 5 0.1 1 3
0.1 1 2 0.0 1 0 0.0 0 0
1.6 2 41 1.2 2 35 0.5 2 21
0.0 2 0 0.1 1 2 0.0 0 0
0.4 1 11 0.4 1 12 0.4 1 17
0.1 2 1 0.1 2 1 0.1 2 1
0.2 2 5 0.2 2 6 0.2 2 8
3.9 3.4 2. 5   100    100    100

  0%10 87.2% 61.5%

4-2-4  

1)50m 20m .
2) . 
3) 5.4m. 

    4) 100%  

4-2-5  
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4.  

38%

Z

 

 

2  

(1) 2002

17 18 
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1.  

1

 

 

2.  

2.1  

4-3-1

4-3-1  

I WAY183

 I U Ma APU1810H

Ma U 2 2 2009

 I U 1.45m

4-3-1

 

I U 27kW Ma U 34kW  

  Ma AXS1810 Ma D 34kW

I ARG15 I D 18 kW

F B75 F D 7 kW
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WAY183 1.8m 260kg 50mm 490mm

PTO

160rpm

APU1810H 1.8m 405kg 60mm 510mm

PTO

193rpm

AXS1810H 1.8m 425kg 100mm 500mm

PTO

181rpm

ARG15 1.5m 265kg 50mm 490mm

PTO

183rpm

1.8m 68kg 400mm 123rpm

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2.2  

1 3

4 7

 

4-3-1  

WAY183 ,  

 , , . 

4-3-1

1) I AGR15 1.5m  

 
  2)  

 

I U:WAY183 Ma U:APU1810H 
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4-3-2 1 3  

1

Ma U

Ma D

Ma U

Ma D 4 6cm 14

16cm 2   

2

I U

Ma D+ F D Ma F D 2   

3 1

I U 2 2

 

 

 

  

 

 

 

 

 

 

 

 

 

  4-3-3 4 7  

4 2

I U Ma U Ma F 

(m/s)
PTO

(cm)
34 0.14 1 4.5
34 0.14 1 4.5
34 0.56 2 12.2
34 0.56 2 12.2
28 0.13 1 4.9
34
7

0.43
0.10

2 10.0
4.9

28 0.09 1 2.3
28 0.09 1 2.3
28 0.06 1 2.2
28 0.06 1 2.2

2014

2012
1

2

3

1

2

1

2014

4-3-2  

1  
     2 2 MaF D  
     3 3 I U 2 2  
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D  

5

3

2 I U Ma U  

6 7

 I U

Ma F D 2 3  

0.01mm 1.35m

 

1 4 30cm

35cm (1)

A

B

4-3-3

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(m/s)
PTO

(cm)
28 0.20 1 7.5
34 0.19 1 5.9
18
7

0.14
0.10

2 4.6
4.9

28 0.20 1 7.5
28 0.20 1 7.5
28 0.20 1 7.5
34 0.19 1 5.9
34 0.19 1 5.9
34 0.19 1 5.9
28 0.17 1 6.4
28 0.17 1 6.4
34
7

0.16
0.10

2 3.7
4.9

34
7

0.16
0.10

2 3.7
4.9

28 0.17 1 6.4
28 0.17 1 6.4
34
7

0.16
0.10

2 3.7
4.9

34
7

0.16
0.10

2 3.7
4.9

11/11

3

1

2

27 3/4

11/20 1/23

11/20 2/6

12/2

2013.11

2012.10

11/28

2/3

10/16

10/29

10/21

2012.10

2013.10

4

5

6

4-3-3 

1) ,  
  2) 6, Ma F D  
  3) 1.8m 1 4 ,  
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2.3  

  0 15cm

DIK-1130-02A

0

5cm 30cm 10mm

(2)   

  10cm DIK-3150-02A

10cm 5cm T&D TR-71U

TR-1220 185mm 2 4

10 1

1.4m 0.35m 1 3

21 38 4 7

12 39 1 3 0 5cm 5

10cm 1 0 5cm
(3)   

 4 7 1 4 2

64 72  

 

3.  

3.1  

4-3-4 5  

5 Ma

U 

I U

I U I U
(4)  
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0 5cm 1

 

0 5cm 1 5 6

7

1
(5) 5

3 4 15  

0 5cm 1 2 3

1 2

3

I U

3

 

0 5cm 1 2 3

1

2 I U Ma

F D I U  
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3

1.6 3.7

                                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

29.8 0.14 4.5 10.1 14.7 27.9 1.52
22.6 0.14 14.2 24.8 47.7 31.7 1.54
21.5 0.56 6.2 9.5 20.1 31.1 1.46
26.7 0.56 15.7 26.2 11.1 37.4 1.96

52.9 2.90
30.4 0.13 14.9 23.1 59.2 27.7 1.72

28.8
 0.43
 0.10 14.9 23.9 30.9 34.4 1.55

53.1 2.68
14.0 0.09 12.8 18.9 69.0 37.3 1.43
14.2 0.09 13.6 18.5 67.4 38.4 1.46
17.6 0.06 16.8 21.8 84.9 35.5 1.54
15.5 0.06 17.4 24.1 71.2 34.2 1.42

56.1 2.13

18.2

31.3

27.2

1

2

3

No.

(MJ/m
3
K)

(m/s) (cm) (cm)
(%) (%)

4-3-4 1 3  

 1) , 0 15cm, 0 5cm ,
 2) MJ/(kg K)( 0.84, 4.2, 1.0) Mg/m

3
( 2.7, 

1.0, 0.0012)  
 3) 2 Ma F D  

    4) No.3 I U 2 I U 2 6.4mm 
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3.2  

4-3-6 7 pF 4-3-2

 

3.2.1  

pF

1

6 pF

1 2 4 6

pF 5 I U Ma U

3

  

No.
(d.b%)

(m/s) (cm) (cm)
(%)

0.20 14.1 19.7 63.6
0.19 15.9 25.1 76.5
0.14
0.10 13.7 18.4 59.6
0.21 8.2 14.2 48.1
0.21 11.7 19.7 51.1
0.19 13.5 22.0 59.7
0.19 11.3 23.1 54.7
0.18 13.2 26.0 58.5
0.18 17.3 26.0 61.5
0.17 12.8 19.5 48.2
0.16 14.6 21.2 52.4
0.16
0.10 11.3 17.7 40.8
0.16
0.10 11.5 19.1 47.5
0.17 12.0 19.5 58.2
0.16 14.7 20.9 69.6
0.16
0.10 8.5 11.5 49.1
0.16
0.10 10.0 13.9 47.5

7 27.0

5 28.3

6 34.0

4 16.3

4-3-5 4 7  

1) 0 15cm  

   2) 4 I F D 6 7 Ma F D  
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3.2.2  

4-3-7 pF 4-3-2
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10 20
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I U 2 2
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U 2cm 13 I U  

5 4

I U Ma U Ma U

5  
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7 12 58%
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1.3 19.1 13.5 16.1
1.3 20.2 13.7 16.8
1.3 17.9 14.1 15.9
1.2 18.3 12.8 15.5
1.2 18.2 13.9 16.0
- 21.8 9.8 15.6
1.3 18.8 11.2 14.7
1.4 17.0 10.8 13.7
1.2 18.5 11.0 14.5
- 18.5 6.2 12.1
1.8 28.1 20.9 24.2
1.8 27.4 21.1 24.1
1.4 30.4 20.3 25.0
1.5 30.6 20.0 24.9
2.0 26.4 20.3 23.2
- 27.8 15.9 21.5

2

1

3

11/21
(52)

47

14/38
(37)

85

14/30
(47)

61

4/10

3/18

5/14

0.7 17.6 13.4 15.2
0.7 17.3 12.7 14.7
0.7 16.9 13.6 15.1
0.8 17.3 13.4 14.5

17.7 9.8 13.2
0.7 15.7 12.1 13.7
0.7 16.3 11.6 13.6
0.7 16.7 11.7 13.8
0.7 17.5 13.0 15.0
0.8 15.5 11.7 13.4
0.8 15.4 11.7 13.4
0.9 15.8 11.6 13.4

16.5 9.1 12.2
1.3 16.0 11.5 13.5
1.3 16.4 11.2 13.4
1.3 15.6 11.5 13.3
1.1 15.8 11.8 13.5
1.5 14.6 11.4 12.9

15.9 8.9 11.7
    - 13.0 7.5 9.9
1.6 12.9 8.1 10.2

    -     -     -     -
1.4 13.3 8.8 10.7
1.4 12.2 9.4 10.8

15.8 5.4 9.6

4
2012.
10/20

5
2012.
10/31

6
2013.
10/23

7
2013.
11/15

10/30
(33)

76

8/22
(36)

48

12/39
(31)

181

7/12
(58)

68

4-3-6 pF 1 3  

4-3-7 pF 4 7  

4-3-6

1) pF 10cm, 5cm . . 

  2) 10 1 , 1  

   . 

  3) 1m  

  4)  
  5)pF , 2 3  
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3.3  

4-3-8 4 7

 

4

I

U Ma U  

5

Ma U Ma U

Ma U Ma U

Ma U 13.2 cm 58.5%

Ma U 17.3cm 61.5%   
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667 a 389
651 a 369
631 b 375
538 c p 336
630 c q 407
666 c q 420
590 c p 371
663 c q 405
611 c q 400
715 d r 422
766 d s 432
669 e r 417
696 e s 437
657 f t 371
693 f t 364
669 f t 364
676 f t 400

6
2013.10

** **

7
2013.11

ns ns

-

5
2012.10

ns **

4
2012.10

* -

(g)(g)

4-3-8 4 7  

1)  
  2)  
  3)Tukey ,* 5% ,** 1%  
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3.4  

 

0 5cm 5

10cm 0 5cm 4-3-9

4-3-3 4-3-4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                             

(%)
14.7 27.9 21.1 50.9 19.1 13.5 5.6
47.7 31.7 19.6 48.7 20.2 13.7 6.5
20.1 31.1 18.1 50.8 17.9 14.1 3.8
11.1 37.4 26.6 35.9 18.3 12.8 5.5
- 52.9 40.7 6.4 18.2 13.9 4.3

20.7 27.6 22.7 49.7 16.9 14.4 2.5
34.1 35.7 27.4 36.9 18.2 14.5 3.7
29.1 34.6 36.4 29.1 16.6 14.3 2.3
22.0 34.2 26.7 39.2 16.3 13.8 2.5
- 50.2 44.1 5.7 16.7 14.2 2.5

10

12

14

16

18

2 0

  22

 0  6   12   18   24
  10

  12

  14

  16

  18

20

22

0 6 12 18 24

4-3-9 1  

4-3-3 1  

1) 5cm 10cm 3  

  2) 4-3-6  
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4-3-4 0 5cm 2.9MJ/m3K

Ma D 2.0MJ/m3K Ma U Ma U Ma D

1.5MJ/m3K Ma Ma

0.90 W/mK D 0.52W/mK U

0.44W/mK D 0.29 W/mK  U 0.21W/mK  
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Hartge (6)
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4.  
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(4)
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(1) 2002 275 302 

(2) 1978 p.278-303   

(3) - - 2006

.174-198  

(4) 2016

22(4) 111 119  

(5)   1983

45(3) 375-378 

(6)K.H.Hartge 1985 p.227 248 

(7)  1994

1993

22(1) 14 

(8)   1995

22(3) 131 140 

(9)  2000 55(11) 493 497  

(10)  2004

66(5) 14 16  

(11)  2005 60(6)

254 257 

(12) 1989

2

23 1 34 

(13) 2006

34 1 107 
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Z

JA  

219 /10a 212
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2.1 1   
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1

  

( )1 4 4

1 2

 

( ) 2 3 27cm 4 30cm
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2  

( ) 1 2
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( ) 2 1,300 1,800mm 1,550mm 1,720

2,020mm 1,020mm 55kg

2  

( ) 30cm 35cm 1 4 2

93.4%

 

( ) 2 4.0h/10a 1.4

 

2.2 2   

( )11 2

50ml/

 

( )

4kg 2

 

( ) 1

2.0

2.0MPa 8.5mm 100m 4 2.0

76ml/  

( ) 2.0%

3.8 /10a  

2.3 3     

( )

1

2  

( )  

     

( ) 22.7 kPa 48.1 kPa

61.8 % 0 5 cm 29.1 % d.b.  
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98.8 100 % 66.3 98.8 %

 

 

3. 

 

3.1   

( )

2,230mm 1,510 2,470mm 1,190mm 520kg  

( ) 1.6 1.8m 3 4

1.8 2.4m 7.5 9.0mm

1  

( )

 

( ) 1.8m 0.20m/s 0.9h/10a

1.7%

 

3.2 2   

( )

1,240mm 1,850mm

1,320 1,500mm 99.0kg  

( )

 

( ) 1.8m 4

U 2.1 2.4m 11mm 1.4 1.6m  

( ) 2 3.0h/10a

1

71.4 83.3%  

( )
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( ) Z 13%
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5. 3

 

( )1 3 219 /10a
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6%   
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4.0h/10a 1.4
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SUMMARY 

 

This three-part study was conducted to develop technologies for overcoming problems 

related to labor saving in lettuce cultivation in Kagawa Prefecture, which has a winter 

harvest from January to March. 

The first part of the study was to develop a semi-automatic multi-row transplanter. The 

device consists of a prototype transplanter mounted on a lightweight furrow-traveling carriage. 

The transplanting accuracy (percentage of satisfactory transplants) was stable at 93.4%, and 

transplanting efficiency with two operators was 4.0 h/10a, which is 1.4 times more efficient 

than manual transplanting. In addition, the physical strain of operating the device was much 

lower than that of manual transplanting. Thus, the device is also effective in reducing workload. 

Subsequent improvements to the device, including the use of a bent hinge point for the hinge 

lever clutch of the transplanting unit and the use of a hinge lever for opening and closing the 

transplanting cup, have further increased transplanting accuracy. Finally, although combining 

plant watering with transplanting using the device increases work time by 2.0%, doing so 

eliminates the need for watering later, saving 3.8 person-hours per 10a. 

The second part was on the development a tunnel support driver. Both a fully automatic 

(auto-feed) device and a semi-automatic (manual-feed) device were developed. The fully 

automatic device is suitable for 4-row, high-ridge lettuce cultivation and is capable of driving 

fiberglass tunnel supports measuring between 1.8 and 2.4 m in length and 7.5 to 9.0 mm in 

diameter into ridges one at a time at fixed intervals. Although the miss -rate for driving supports 

into 1.8-m wide lettuce ridges was between 0.6% and 2.8%,  work efficiency at a work speed of 

0.20 m/s was 0.9 h/10a, which is 3.6 times more efficient than manual work. The 

semi-automatic device is capable of installing U-shaped steel-rod tunnel supports measuring 

between 1.4 and 1.6 m in width, 2.1 2.4 m in length, and 11 mm in diameter. The work 

efficiency is 3.0 h/10a. For ridge conditions that allow the device to be operated by one worker, 

total work time is reduced by 71.4 83.3% relative to customary manual work.  

The third part of this study was on the development of an up-cut tilling, fertilizer spraying, 

mulch sheet laying ridger. Compared to ridges created with a conventional single -wheel tiller or 

existing small down-cut ridgers, the ridges created with this device exhibited greater 

pulverization of the ridge surface layer, more thorough incorporation of residual rice straw, 
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improved lettuce transplanting accuracy using mechanical transplanters, and higher lettuce 

yield. In terms of work efficiency, total work time including pre -tillage work and soil 

cultivation work for laying mulch sheets on ridges was 3.3 person-hours per 10a, 

representing a 39% reduction in labor compared to the conventional work using existing small 

mulch sheet laying ridgers. This time savings was primarily attributable to the use of an up-cut 

rotary tiller, which reduced the number of preparatory tilling passes required. Ridge surface 

temperatures under the mulch sheet tended to be higher for ridges created using the up -cut tiller 

compared to those created using a down-cut tiller. Further investigation revealed that this was 

due to greater pulverization and lower moisture content of surface soil of ridges created using 

the up-cut tiller, which likely led to improved lettuce yield.  

The total work time for the lettuce cultivation system using a combination of all three 

devices developed in this research was 205 212 person-hours per 10a, compared to 219 

person-hours per 10a for conventional cultivation. Although the time reduction amounted to 

only 3 6%, the devices substantially reduced work intensity and the physical burden on 

workers and were thus effective in reducing workload and increasing lettuce yield.  
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1  

2013

19(4) 119 124 

 

1  

2002

9(2) 133 139 

 

2  

 2014  

21(1) 15 20 

 

3  

2015

22(2) 41 49 

 

 


